Childhood obesity is a medical and social problem in Japan. The number of obese children has been increasing steadily since 1980 according to a survey on school health statistics. However, more simple and reliable criteria for assessment of obesity in children are required. The aim of this study was to establish gender-and age-specifi c body mass index (BMI) cutoff values for evaluation of obesity in school-aged children. A total of 100,587 elementary school, junior and senior high school students, aged 6 to 17 years, comprised the study population, in whom BMI was measured. The BMI cutoff values were calculated by using the receiver operating characteristic (ROC) analysis in the degree of obesity of 20% or greater as defi nition of obesity. The validity of the determined cutoff values of BMI was then compared with the Rohrer index, the International Obesity Task Force (IOTF) data and the percentile method. The sensitivity and specifi city of the BMI cutoff values were over 93% in both boys and girls of all ages, thereby providing criteria that are highly diagnostic in all ages. The Rohrer Index and BMI 95th percentile values tended to underestimate obesity, while the IOTF criteria tended to overestimate it. In conclusion, the BMI cutoff values determined in the present study enable us to detect obese individuals with extremely high precision, and thus may represent an instrument with superior diagnostic capabilities to those of the existing instruments currently being used forassessment of pediatric obesity. ROC analysis; percent ideal body weight; Rohrer index; 95th percentile of BMI; School-aged children.
schools, junior and senior high schools in Tochigi Prefecture. Data analyzed in this study included the heights and body weights of school-aged 100,587 subjects (50,804 boys and 49,783 girls) , to the exclusion of those for whom some data were found missing and/or in whom abnormal fi ndings were noted. Table 1 shows the height, body weight, and BMI data in the study subjects. This study was approved by the Bioethics Committee of Utsunomiya University.
Assessment of obesity
For ideal body weights, we used the gender-, age-, and body height-specifi c mean values reported in the 2002 Reports on School Health Statistics (Ministry of Education, Culture, Sports, Science and Technology 2002).
Gender-, age-and height-specifi c ideal body weights were used to calculate the degree of obesity by using the following formula: degree of obesity (%) = (measured weight -ideal body weight)/ideal body weight × 100. Those falling between -10 and +20% were classifi ed as a normal weight group, and those with +20% or greater, as an obese group, with the degree of obesity of 20% defi ned as being valid as defi nition of obesity. The BMI cutoff values were calculated by using the receiver operating characteristic (ROC) analysis.
Comparison with existing criteria for assessment of pediatric obesity
To evaluate the precision of the BMI cutoff values derived from the ROC analysis, these BMI cutoff values were compared with the Rohrer Index, the 95th percentile of BMI recommended by expert committees including the World Health Organization (WHO), and the new BMI cutoff values proposed by the Pediatric Obesity Team of the International Obesity Task Force (IOTF) criteria, using indices including sensitivity, specifi city, and rates of concordance with degree of obesity. BMI 95th percentiles were obtained using the method proposed by Must et al. (1991) , and those with the 95th percentile or greater were classifi ed as being obese. With regard to the IOTF criteria, the BMI values formulated by Cole et al. (2000) as corresponding to the BMI value of 25 in adults were used, and those above the cutoff value were deemed obese.
RESULTS

Distribution of obesity
Obese individuals were found to account for the importance of detecting obesity, as well as of improving its symptoms at an early stage is being recognized. Therefore, the need for accurate evaluation of pediatric obesity has led to many researchers examining a wide variety of indices for effective evaluation of obesity in children (Must et al. 1991: Onis and Habicht 1996; Cole et al. 2000) .
Body mass index (BMI) has become an international standard for evaluation of adult obesity, with its use tending to be extended to pediatric populations (Must et al. 1991; Onis and Habicht 1996; Asayama et al. 2003) . In Japan in common with other Asian countries, adult obesity is defi ned as a BMI of 25 or greater, with this value being used as an index for obesity in healthcare management programs (Kanazawa et al. 2002) . Moreover, as the central obesity is the centerpiece of the metabolic alternations, a new BMI criterion of central obesity among the Japanese is reported (Horie et al. 2006) . BMI is being researched widely as a standard for the obesity and overweight evaluation in adult. However, application of this value to children and pupils in their formative years poses a number of problems (Center for Disease Control 1997). In Japan, degree of obesity and the Rohrer index have traditionally been used to assess obesity in children, whereas, today, gender-, age-, and height-specifi c assessment (percent ideal body weight method) is commonly used to evaluate obesity in a pediatric setting, which allows the degree of overweight to be quantifi ed, as well as enables differences in gender, age and height in formative years to be accommodated. However, as this approach involves lengthy calculations, the simpler Rohrer index is often used in a school-based screening setting.
In our study, therefore, we attempted to put together simple and reliable criteria for assessment of obesity in children using the BMI index that can be used well into adulthood.
METHODS AND PROCEDURES
Subjects
The subjects of this study were children aged between 6 and 17 years who enrolled in elementary 8.7 to 14.7% of boys and for 8.2 to 14.3% of girls, with the prevalence of obesity tending to be high at about 14% at the ages of 9 to 12. Examination of the prevalence of obesity showed a higher prevalence in boys than in girls at all ages except age 7 (Table 1) . Table 2 shows the BMI cutoff values for obese subjects derived from the ROC analysis. The BMI cutoff values for obese individuals steadily increased with age, slowing down at around the age of 15, and reaching about 25.5 to plateau at age 16 in both boys and girls. And also, Table 2 shows sensitivity, specifi city, false positive rates, false negative rates, and concordance rates between the results obtained by evaluation of the degree of obesity, and those obtained by evaluation of BMI cutoff values. When these indices were studied in obese subjects, the sensitivity in boys and girls was within the range of 0.938 to 0.998, and 0.942 to 1.0, respectively, with extremely high sensitivity noted at over 0.95 for all ages except for ages 9 to 11 (as high as 1.0 for girls above the age of 14 in some grades). The specifi city was in the range of 0.936 to 0.995 for boys, and 0.934 to 0.997 for girls. As with the sensitivity, the specifi city exceeded 0.95 in all ages except for ages 9 and 11. The concordance rates were in the range of 93.6% to 99.5% in boys and 93.5% to 99.7% in girls. As with the other two indices, while the concordance rates were shown to dip between ages 8 and 11, they exceeded 95% in all other ages. An examination of the frequency distribution of BMI values for 9-yearold girls who were associated with the largest number of diagnostic errors showed that 252 subjects were falsely judged to be obese although they were not, while approximately 80% of these subjects were overweight with a degree of obesity of 10% or greater.
Determination of BMI cutoff value based on ROC analysis
Comparison among the degree of obesity and BMI cutoff values, Rohrer Index, IOTF criteria and the 95th percentile values
Of the various indices contained in the Rohrer Index, the specifi city used to distinguish between obesity and non-obesity in boys and girls was extremely high at over 0.99, but the sensitivity used to confi rm obesity in obese boys and girls was low at only 0.36 to 0.53 in boys and at 0.28 to 0.78 in girls. The concordance rates for boys were more or less constant at 92.5% to 94.6%, whereas those for girls showed a drop from 94.5% to 90.3% up to the age of 10, and subsequently rose to 97.2% by the age of 14 (Table 3) .
Meanwhile, of the various indices in the IOTF criteria, the sensitivity was extremely high at over 0.98 in both boys and girls, while the concordance rate was shown to be constant at about 90% up to age 12, but to rise to about 97% later (Table 4) .
With regard to the 95th percentiles of BMI, while the specifi city was extremely high at over 0.99, the sensitivity was low, overall, at less than 0.6 between the ages of 8 and 12. The coincidence rate was high, overall, with the highest being 97.4% in boys and 98.8% in girls (Table 5) . Fig. 1 shows the concordance rates and sensitivities for each of the methods used for evaluation of obesity in both boys and girls. Our method gave the highest concordance rate except in boys aged 6-7 and in girls aged 6-9, followed by the BMI 95th percentile values, the Rohrer index, and the IOTF criteria. On the other hand, the IOTF criteria gave the highest sensitivities, followed by our method. Compared with the BMI cutoff values and the IOTF criteria, clearly, the Rohrer index and the 95th percentiles of BMI had lower power of detection. Table 6 shows the prevalence of obese subjects based on assessment of obesity using the degree of obesity of 20% (degree of obesity assessment) and the BMI cutoff values. In both assessments, obesity was frequently observed between the ages of 8 and 12. A comparison between boys and girls showed that boys had a greater prevalence of obesity than girls, except for age 7 in our degree of obesity assessment and for ages 7 and 11 in the assessment of obesity using the BMI cutoff values. A comparison between the degree of obesity assessment and the BMI cutoff value assessment shows that, in both boys and girls and throughout all ages, BMI cutoff values more accurately detected obesity than the degree of obesity, with a maximum difference of 5% noted in the rates of obese subjects detected using these two methods, while this difference decreased after the age of 15, with both methods giving a 10% prevalence rate of obese subjects (Fig. 2) .
Rate of prevalence of obese individuals based on assessment by using the degree of obesity of 20% and BMI cutoff values
DISCUSSION
At present, being a simple method, BMI is widely used as an international index for assessment of obesity in adults. BMI is useful for making global comparisons. Furthermore, attempts have been made to use BMI as an international index for assessment of pediatric obesity (Must et al. 1991; Onis et al. 1996; Asayama et al. 2003) . However, because normal BMI values in children and adolescents vary as they gain in height and weight, BMI is not readily available for use in children (Must et al. 1991) . In this study, therefore, using the results obtained by degree of obesity assessment as reference values, we attempted to develop a new set of BMI cutoff values from the ROC curves, that are gender-and age-specifi c, and which allow evaluation of obesity well into adulthood.
Validity of the BMI cutoff values derived from the ROC analysis
The validity of the BMI cutoff values was examined by using sensitivity, specifi city, false positive rates, false negative rates, and concordance rates. The sensitivity of these values was about 0.95 for both boys and girls, as was the specifi city, which was shown to be extremely high at approximately 0.95. Of note, a value of over 0.99 was noted for both sensitivity and specifi city in boys aged 16 or older and girls aged 14 or older, thus showing the BMI cutoff values to be extremely accurate. The concordance rate was shown to be equally high at 93% to 99%, although a diagnostic error of about 6% was noted in boys aged 9 to 11 and in girls aged 8 and 11. Even in 9-year-old girls, who were associated with the highest incidence of diagnostic errors, the false negative rate was shown to be only 0.71%, suggesting that the method was highly diagnostic of obese subjects. Although, overall, false positives were seen in 5.76% of the subjects, about 80% of these subjects were overweight children with a degree of obesity of over 10%. Upon close examination of the characteristics of those who had been falsely diagnosed, it was found that many of those judged to be false positives were tall in stature, while a majority of those judged to be false negatives were short. In previous study of children aged 1 to 17 with normal weight, BMI values for those with shorter stature (M -1.5 S.D.), average stature (M), and higher stature (M + 1.5 S.D.) were compared based on data from the Survey on School Health Statistics and Survey on Infant Growth/Development in Japan. The study found that, in boys aged 6 to 14 and in girls aged 6 to 13, the tall group had high BMI values while the short group had low BMI values, but that no further height-specifi c differences in BMI values were seen after age 15 in boys and around age 14 in girls (Ito and Murata 1999) . In other words, elementary school and junior high school students with tall stature were associated with high BMI values, suggesting the possibility that they could be diagnosed as being obese despite their obesity status that describes them as normal. Conversely, those who were short had low BMI values, and in some cases these subjects were judged as being normal despite their degree of obesity in excess of 20%. However, this was not the case in boys after age 15 and in girls after age 14 when the BMI values had stabilized. The reference values we used were highly instrumental in differentiating obese subjects from non-obese subjects with 93% of affected subjects or more detected around the age of 11, when obesity evaluation is known to be associated with the highest false positive or negative rates. We therefore conclude that BMI cutoff values obtained in this study may represent an instrument with high diagnostic potential in a primary school-based screening setting.
Comparison with existing criteria for screening of obesity
Many methods have been advocated since the 1800s to assess obesity in children. These include BMI, the Rohrer index, degree of obesity relative to ideal body weight, growth curves for height and weight, as well as methods based on body composition, such as measurement of the thickness of subcutaneous fat, the Bioelectrical Impedance (BI) method and the Dual-Energy X-ray Absorptiometry (DEXA) method (Ohzeki et al. 1992; Eisenkobl et al. 2001) . Of these methods, the index of physique is widely used as a primary screening method for obesity because of its ease of calculation. Internationally, expert committees, such as the IOTF and WHO, tend to use a BMI-based criterion for assessment of obesity in children. Cole et al. (2000) and IOTF study groups conducted a 6-nation survey that included Brazil, the UK, Hong Kong, the Netherlands, Singapore and the US, to formulate age-and gender-specifi c reference values for BMI. These values were derived by designating the percentile value for age 18 which corresponds to a BMI Index of 25 in adults as "overweight," and the percentile value corresponding to a BMI Index of 30 in adults as "obese." Meanwhile, Must et al. (1991) calculated gender-, age-, and race-specifi c BMI 85th percentile and 95th percentile values, based on data from the First National Health and Nutrition Examination Survey, and defi ned these values as overweight and obese, respectively. The WHO recommends these values as criteria for assessment of pediatric obesity. Although these BMI percentile methods are valuable in that they allow global comparisons and cross-sectional epidemiological surveys, they appear to fall rather short in evaluating pediatric obesity in formative years. Discussion is currently under way in Japan as to the pros and cons of using BMI for assessment of pediatric obesity (Cole et al. 2000) . Degree of obesity, which has long been widely used, is still in use to determine obesity. Degree of obesity evaluates an individual's weight relative to his or her ideal body weight for obesity, and is in common use because it allows obesity evaluation according to age, gender, and height (Togashi et al. 2002) . However, since calculation of degree of obesity is tedious and complicated, the simpler Rohrer Index is mainly used for school-based evaluation of obesity. The Rohrer index gives relatively reliable values in schoolaged children, and is therefore frequently used in school-based physical checkups and other occasions. As it is strongly infl uenced by height, however, it is not necessarily appropriate for assessment of obesity in school-aged children in their formative years (Mei et al. 2002) .
In this study, we used indices such as sensitivity, specifi city, false positives, false negatives, and concordance rates to compare the diagnostic ability of the Rohrer Index, IOTF criteria, 95th percentiles of BMI, and the BMI cutoff values obtained in this study. The Rohrer index had extremely sensitivity and tended to underestimate obese individuals; it overlooked many obese individuals, especially those with mild to moderate obesity. This may be accounted for by the fact that reference values for degree of obesity assessment were so defi ned that they were able to detect more obese individuals than the Rohrer index. Meanwhile, the IOTF criteria showed extremely high sensitivity, and detected obese individuals with a probability of over 98%; however, compared with other instruments, due to its low specifi city, it tended to overestimate obesity. The 95th percentiles of BMI showed extremely high specifi city at over 0.99, but low sensitivity at about 0.6, thus tending to underestimate obesity. These fi ndings suggest that although the Rohrer index, IOTF criteria, and 95th percentiles of BMI all have distinct characteristics and advantages, when evaluated in terms of indices such as sensitivity and specifi city, clearly, they tended to either underes- timate or overestimate obesity as diagnostic instruments. A comparison of our BMI cutoff values with these instruments showed that the BMI cutoff values had lower sensitivity than the IOTF criteria, and lower specifi city than the Rohrer index or the 95th percentiles of BMI. However, in terms of combined sensitivity and specifi city, our method using the BMI cutoff values gave the best diagnostic capabilities, suggesting that this instrument offers appropriate reference values for assessment of obesity. On the other hand, false positive and false negative were seen in the extremely tall child or the short child. It is not necessarily perfect though BMI is superior to the existing diagnosis in the obesity judging of a child. Therefore, when using BMI for the children of the period of growth, we should pay attention to height.
In conclusion, the BMI cutoff values derived from the ROC analysis in our study were able to detect obese individuals with extremely high precision, and thus may represent an instrument with superior diagnostic capabilities to those of the existing instruments currently being used for assessment of pediatric obesity. Furthermore, as these BMI cutoff values are readily calculated by using height and body weight and available for use well into adulthood, they may represent an ideal instrument for primary screening for obesity. Fig. 2 . Comparison of sensitivities and concordance rates obtained using various obesity assessment instruments.
The diagram on the left shows boys and that on the right shows girls.
